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PURPOSE: To enable satisfactory Sn, Pb or 
Sn-Pb alloy plating in a specified pH range by 
adding a complexing agent such as ascorbic 
acid, 2-ketogluconic acid, sorbitol, sorbose, 
glucose or glucuronic acid to a plating bath. 



CONSTITUTION: One or more kinds of 
complexing agents selected among ascorbic 
acid, isoascorbic acid, dehydroascorbic acid, 
2-ketogluconic acid, sorbitol, sorbose, glucose' 
glucuronic acid, gulonic acid, gulonolactone, 
2,3- diketogulonic acid and salts of them are 
added to a plating bath contg. Sn and/or Pb 
ions. A satisfactory Sn, Pb or Sn-Pb alloy 
plating film is formed in the pH range of 2-9 
and the plating bath can be used to plate 
electronic parts in a wide current density range 
with high current efficiency. 
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Description 

1 . Name of the Invention: Tin, lead, and Tin-Lead alloy Plating Bath and its Plating 
Method 

2. Scope of Patent Claims 
Claim 1 

Tin, lead and tin- lead alloy plating bath containing tin ion, lead ion, or tin and lead 
ions with at least one of the complexers from ascorbic acid, iso ascorbic acid, dehydro 
ascorbic acid, 2-keto gluconic acid, sorbitol, sorbose, glucose, glucuronic acid, 
gulonic acid, gulonic lactone, 2,3-di-ketogulonic, and each of its corresponding salt. 

Claim 2 

Method of plating tin, lead and tin-lead using a bath characteristics of claim 1 bath 
composition. 

3 Detail description of the invention. 

[Industrial Field of Utilization] 

This is a new invention for tin, lead and tin-lead alloy plating bath and its plating 
method. 



[Prior arts and the invention attempt for the solution of the subject matter] 



Current tin, lead and tin-lead plating are mostly for providing the solderability for 
electronics packaging. Prior arts for tin, and tin-lead plating baths are primarily 
sulfuric acid bath, organic sulfonic acid bath, or fluoroboric acid bath, all these baths 
are below pHl strong acid. 

There is no problem of plating copper, or steel in such strong acid bath. However 
the demand for plating metal on ceramic, glass, or plastics composite electronics parts 
is becoming large. For example, ser-dip type lead glass sealed IC package, or chip 
condenser is being used widely. In addition, circuitry patterned from vacuum 
deposited aluminum on ceramic substrate electronics parts is becoming common. 
The problem of such strong acid bath is that plating of tin, or tin-lead on metal of 
such parts in the mentioned strong acid bath would corrode the ceramic, glass or 
vacuum deposited aluminum circuitry. Such corrosion could cause the bridging 
across the dielectric substrate and make the parts no usable. 

Although such problem could be solved by increasing the plating bath pH to 2-9, 
but by simply increasing the pH to 2-9, tin and lead ions would precipitate out as 
hydroxides and made the plating impossible. 

There are various proposals to plate in such pH range, for example using citric 
acid, gluconic acid, pyrophosphoric acid, or organic sulfonic acid bath, and each of its 
salt. (JP S49-93236, JP S53-5034, JP S54-60230, JP S54-69533, JP S54-69534, JP 
S57-63689, JP S61-194194 Kokai) Nevertheless, it still desirable to have a good 
plating bath to plate tin and tin-lead in pH 2-9 range. 

Noting above consideration the objective of this invention is to submit a plating 
bath, which is able to plate tin, lead and tin-lead alloy in the range of pH 2-9 with 
high current efficiency, and wide current density range. 

[Method to accomplish the objective and its effect] 

After vigorous research, present inventors were able to accomplish the objective 
goals by using tin ion and/or lead ion containing bath added with at least one of the 
complexers from ascorbic acid, iso ascorbic acid, dehydro ascorbic acid, 2-keto 
gluconic acid, sorbitol, sorbose, glucose, glucuronic acid, gulonic acid, gulonic 
lactone, 2,3-di-ketogulonic, and each of its corresponding salt. And plated tin or tin- 
lead alloy in this bath at the pH range of 2-9 without precipitating tin or lead 
hydroxides with stability. The baths of this invention were able to obtain a good 
plating deposit, and during its plating the baths of these did not attack the parts made 
of ceramic, lead glass, and vacuum deposited aluminum composite substrates, with 
high current efficiency, and usable over the wide current density range. 
A plating method for tin, lead, and tin-lead alloy electronic parts characteristic of this 
invention, using tin ion and/or lead ion containing bath with at least one of the 
complexer from ascorbic acid, iso ascorbic acid, dehydro ascorbic acid, 2-keto 
gluconic acid, sorbitol, sorbose, glucose, glucuronic acid, gulonic acid, gulonic 
lactone, 2,3-di-ketogulonic, and each of its corresponding salt, of the above said 
plating baths is proposed. 

The details of this invention are further described as follows. There is no specific 
limit to the metal salt for tin, and lead ions sources. Tin sulfate, tin chloride, tin 



nitrate, tin methane sulfonate, tin alkanol sulfonate, tin phenolate, tin fluoroborate, tin 
acetate, tin oxide, may be used for tin ion source. In this case, either tin(2+) or tin 
(4+) salts is usable. For lead ion source, lead nitrate, lead acetate, lead fluoroborate, 
lead methane sulfonate, lead chloride, lead sulfate, and lead oxide is usable. 

Tin and lead ion concentration can be selected arbitrarily, normally in the range of 
0.5~200g/l, but preferably in the range of l-100g/l. 

In this invention, at least one of the complexer from ascorbic acid, iso ascorbic 
acid, dehydro ascorbic acid, 2-keto gluconic acid, sorbitol, sorbose, glucose, 
glucuronic acid, gulonic acid, gulonic lactone, 2,3-di-ketogulonic, and each of its 
corresponding salt, are added into the tin and/or lead ion bath. The said salts are 
alkali, and ammonium tin, and lead salts. 

The complexers addition quantity may vary but normally in the range of 3-800 g/1, 
and preferably in 40-400 g/1. 

In addition to the complexers of this invention other complexers such as citric 
acid, pyrophosphoric acid, gluconic acid or each of its salt may be added without 
adverse effect. 

Should it deem necessary, conductive salts, pH buffer, surfactant, and brightener 
may be added. 

Conductive salts compatible are ammonium methane sulfonate, ammonium 
sulfate, ammonium chloride, sodium sulfate, potassium chloride, ammonium acetate, 
ammonium ascorbate, sodium alkanol sulfonate, and sodium phenol sulfonate. 
Addition of conductive salt can lower the plating voltage, which effect in promoting a 
uniform plating deposit. Its addition quantity may be used in the range of 0-800 g/1, 
preferably in 10-800 g/1, but more preferably in 50-300 g/1. 

Boric acid, ammonium chloride, ammonium sulfate, ammonium acetate, sodium 
phosphate, potassium phosphate, sodium borate, potassium borate, sodium formate, 
potassium formate, ammonium citrate, and sodium citrate may be used as pH buffer. 
The amount of buffer addition may be in the range of 0-100 g/1, but best in the range 
of 10-50 g/1. 

There is no limitation on type of surfactant, nonioic, cationic, zwitterionic, and 
anionic may be used. In consideration of salting out, high cloud point, or no cloud 
point surfactants are preferred. 

The most compatible surfactants are; nonionic type, nonyl phenol with 1 5 moles 
ethylene oxide (EO) addition product, alkyl 3-naphtol (alkyl = C1-C25) with 25 
moles EO addition product, poly nuclei phenol ethoxylate (i.e., Asahi Denka 
Adekatol PC- 10, PC- 13). Also in cationic type lauryl amine with 10 moles EO 
addition product, tallow amine with 15 moles EO addition product are excellent for 
such application. Zwitterionic imidazolines having the structure shown in page 521 
left formula (where ^=03-025 alkyl, R 2 =C1-C18 alkyl) (i.e., Daiichi Seiyaku, 
Amorgen No. 8) are also good for such application. 

The addition of above nonionic, cationic or zwitterionic surfactant effect in 
leveling of the deposit and thus densified the plating deposit. Addition quantity of 
these surfactants is possible in the range of 0.01-30 g/1. 

On other hand, the anionic surfactant is especially effective in eliminating gas 
pitting of the deposit. One could raise the cloud point of the nonionic surfactant to 
give the same effect, but the anionic surfactant; such as sodium lauryl sulfate, sodium 



alkyl benzene sulfonate, sulfosuccinic acid alkyl ester and the formulae shown in 
page 521 left structures (where n=2-5, m=l~4) are effective. For example sodium 
catechol disulfonate is good for this use. Addition quantity of anionic surfactant 
should be in the range of 0. 1-50 g/1. 

Brightener is needed for bright deposit. Formaldehyde, acetaldehyde, propionic 
aldehyde, glyoxal, succinic aldehyde, capron aldehyde, aldol, alphatic aldehydes, and 
benzaldehyde, salicylaldehyde allyl ether, p-tolylaldehyde, 1-nahptoaldehyde, 
salicylic aldehyde, veratraldehyde, anisaldehyde, piperonal and vanillin aromatic 
aldehydes may be used as brightener. Furthermore, sulfanilic acid derivatives, 
triazine derivative, acrylic acid, metacrylic acid, croton acid, and other a unsaturated 
carboxylic acid may be used. Addition of such brightener is normally in 0.01-30 g/1, 
or better in 0.03-5 g/1. 

The bath pH of present invention is pH 2-9, it is better to plate at pH 3- 8.5, or 
best at pH 5-8. To achieve such pH ammonium hydroxide or caustic alkaline may be 
used. 

In consideration of plating deposit appearance (partial large crystal deposition will 
blacken its area) for non-bright and semi-bright plating, instead of straight DC, 3- 
phase whole wave, or 3-phase half-wave rectified, single-phase whole wave or single 
phase half wave rectified current is recommended. Pulse current may also be used. 
In contrast to non-bright and semi-bright, for bright deposition 3-phase whole wave, 
or 3-phase half wave rectified current source is recommended. 

Plating bath of present invention is suitable for conventional rack plating, barrel 
plating, and high speed through-hole plating. Plating condition will vary according to 
the type of plating. The plating bath according to this invention is able to give a 
uniform and dense deposit over a wide current density range. Specifically, plating 
temperature is possible at 5-90°C, but preferably at 10-60°C. This bath is able to 
plate parts at cathode current density of 0.00 1-3 OA/dm 2 , or better at 0. 1-10 A/dm 2 
Agitation of plating liquid can be carried out by revolution of barrel, cathode rocking, 
pump circulation, filtration, or air agitation. In some cases agitation is not needed. 
Anode for the plating bath will be the same metal as that of the desired deposit. 
Metal tin, lead, tin-lead alloy or the combination of metals of the corresponding film 
deposit may be used. In addition to soluble metal insoluble anode may also be used. 
Present invention bath is able to plate any parts that can be electrically plated, 
however it is most suitable for plating metal/ceramic and metal/glass composite 
substrate. 

Examples given below are for further description of this invention they do not 
imply that the invention only limit to these examples. 



[Example 1] 

Stannous (Sn +2 ) methane sulfonate (as Sn) 10 g/1 

Lead methane sulfonate (as Pb) 1 g/1 

Ascorbic acid 100 g/1 

Boric acid 30 g/1 

Tallow amine 15 moles EO addition product 1 g/1 

Methane sulfonic acid 100 g/1 

pH (adjust with ammonium hydroxide) 7 



Above bath is used to plate copper panel using single-phase whole wave rectified 
current at 40°C, and current density (Dk) at lA/dm 2 for 10 minutes. The result 
obtained was a white uniform dense semi-bright tin-lead film deposit. Pb content in 
the deposit was 10 %, and the current efficiency was 99%. 

Same bath was also used to plate lead glass IC package at Dk 1 dm 2 until 7 \xm 
deposit was obtained. Inspection of the plated parts showed no evidence of attack on 
the plated parts, and the deposited film was a good white semi-bright tin-lead alloy 
film. 

Similarly, same bath was used to plate Zn replacement converted vacuum deposited 
aluminum on ceramic substrate to obtain a 10 ^m tin-lead alloy. Inspection of the 
plated parts showed good adhesion of the film to the aluminum. No corrosion to 
vacuum deposited aluminum was observed. 



[Example 2] 

Stannous (Sn +2 ) methane sulfonate (as Sn) 10 g/1 

Lead methane sulfonate (as Pb) 1 g/1 

Dehydro ascorbic acid 200 g/1 

Boric acid 30 g/1 

Tallow amine 1 5 moles EO addition product 1 g/1 

Ammonium sulfate 1 00 g/1 

pH (adjust with ammonium hydroxide) 7 



Using the above bath to plate the parts as described in example 1, same results were 
obtained as in example 1 . 

[Example 3] 

Same composition as in example 1, but substituting the ascorbic acid with iso 
ascorbic acid, 2-keto gluconic acid, sorbitol, sorbose, glucose, glucuronic acid, 
gulonic acid, gulonic lactone, or 2,3-di-ketogulonic acid. In each case it obtained the 
same results as in example 1 . 



[Example 4] 

Stannous 3 -Hydroxy- 1-propanesulfonate (as Sn) 20 g/1 

Sorbitol 200 g/1 

Tri-ammonium citrate 30 g/1 

AdekatolPC-10 3 g/1 

Sodium sulfate 50 g/1 

Benzal acetone 0. 1 g/1 

pH 6 



Use the above bath to plate copper panel with straight DC at 25°C, Dk 2 A/dm 2 , 
for 5 minutes. The result was a smooth bright tin deposit. The current efficiency was 

99 %. 

Above bath was also used to plate lead glass IC package at Dk 2 A/dm 2 until an 8 
jam film was obtained. Inspection of the plated parts showed no evidence of glass 
attack, and the deposit was a bright film. 



[Example 5] 

Lead acetate (as Pb) 1 0 g/1 

Potassium phenol sulfonate 50 g/1 

2-keto gluconic acid 1 50 g/1 

Amorgen No. 8 3 g/1 

N-(3-hydroxy butylidene)-p-sulfanilic acid 0.2 g/1 

pH 7.5 



Use the bath above to plate copper panel at 50°C, single-phase half wave rectified 
current, Dk 3 A/dm 2 for 5 minutes. The result was a smooth dense semi-bright lead. 
The current efficiency was 98%. 

[The effect of the invention] 

Because this invention is able to plate tin, lead, or tin-lead in a pH 2-9 bath, with 
high current efficiency and over wide range of current density, which make it most 
suitable for electronic parts application. 
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